Of 261 strains of Neisseria gonorrhoeae examined for plasmids, 6 were plasmid-free, 217 contained only a small multicopy 2.6 x lo6 dalton plasmid and 38 carried a large 24.5 x los dalton plasmid. Restriction enzyme digests and DNA-DNA hybridization studies revealed that the large plasmids isolated between 1940 and 1978 share a common core of DNA sequences (70 to 100%) and represent a group of closely related molecules.
I N T R O D U C T I O N
Two plasmids have been described in Neisseria gonorrhoeae, a small 2.6 x lo6 dalton (2.6 Mdal) multicopy plasmid and a large 24.5 x lo6 dalton (24.5 Mdal) plasmid (Mayer et al., 1974) . No phenotype could be correlated with the presence of either plasmid . Recently, the 24-5 Mdal plasmid has been shown to have sex factor activity (Baron et al., 1977 ; Eisenstein et al., 1977 ; Kirven & Thornesberry, 1977 ; , 1978 and can mediate transfer of itself, R plasmids and chromosomal genes. This paper describes the incidence of plasmids in N. gonorrhoeae isolated from different geographic sources. Earlier studies of a small number of strains (108) had shown that the 24.5 Mdal plasmid was common in only a limited number of geographic areas . We have now studied an additional 153 strains and have examined the molecular relationships between the various large gonococcal plasmids.
M E T H O D S
Bacterial strains. The gonococcal strains were all clinical isolates ( Table 1) . The Seattle strains, collected at the United States Public Health Hospital, were provided by Dr Joan Knapp. The Danish strains were provided by Dr Alice Reyn, the Far East strains and the penicillin-resistant strains by Drs C. Thornesberry, W. Ashford, A. Percival and P. Piot, the Dutch strains by Dr Ernest Stolz and the Kenyan strains by Dr Peter Perrine. The African and Belgian strains were collected by one of the authors (P. Piot).
Media. The solid and liquid media used for the growth of N. gonorrhoeae have been described previously .
Agarose gel electrophoresis of DNA. Cleared lysates of strains of N. gonorrhoeae were prepared and samples were subjected to electrophoresis through a 0.7 y' (w/v) agarose gel (M eyers et al., 1976) . Strains that appeared to be plasmid-free were examined at least twice. Preparation of zinlabelled plasmid DNA. Unlabelled plasmid DNA was prepared from gonococcal strains as described previously . Residual chromosomal DNA and small molecular weight plasmid DNA were removed by running the preparation through two 5 to 20% (w/v) neutral sucrose gradients for 4 h at 35000 rev. min-l (Crosa et ul., 1975) .
Preparation of [3H]thymidine-lubeZled plusmid DNA. Purified plasmid DNA that had been subjected to two caesium chloride-ethidium bromide gradients followed by two sucrose gradients was labelled in vitro according to the procedure described by Maniatis et al. (1975) . 
DNA-DNA hybridization studies. Sheared and denatured labelled plasmid DNA was reannealed with unlabelled whole-cell DNA extracted from representative strains of N. gonorrhoeae carrying a large plasmid. The hybridization was performed as described previously (Roberts et al., 1977) .
Restriction enzyme digestions. The restriction enzymes EcoRI and BamHI were obtained from Bethesda Research Labs, and plasmid restriction digests were prepared according to the manufacturer's directions. The digested plasmids were subjected to electrophoresis on agarose gels. Table 1 summarizes the plasmid complement of 261 strains of Neisseria gonorrhoeae. Of the 255 strains found to harbour plasmids, 217 contained only a 2-6 Mdal plasmid and 38 possessed a 24.5 Mdal plasmid, either alone (5 strains) or in association with the 2.6 Mdal plasmid (33 strains). The six plasmid-free strains did not exhibit any unusual phenotypic characteristics, including colonial morphology, antimicrobial susceptibility, auxotype or IgA protease activity (Plaut, 1978) .
R E S U L T S A N D D I S C U S S I O N
The isolates examined were used because of their availability and probably do not represent random samples. In addition, the number of strains available for a particular year or area were limited. Nevertheless, among the 163 strains isolated after 1973 from Western Europe, Africa, Great Britain and Seattle (U.S.A.), only seven (4.2%) carried a 24.5 Mdal plasmid. In contrast, among 56 strains isolated or acquired in the Far East, 18 (34%) carried a 24.5 Mdal plasmid. Therefore, the 24.5 Mdal plasmid appears to be more common in some geographic areas, such as the Philippines, than in others.
For the determination of the polynucleotide sequence relationship between the various large plasmids, two well-characterized strains were chosen as references : strain CDC67 100 % and other values were normalized to give relative homologies.
-* Binding between homologous 3H-labelled pLE2451 and unlabelled KH45 was 75 %; this value was set at Binding between 3H-labelled pLE2450 and unlabelled CDC67 was 75 %. isolated in the Philippines in 1976 which carries the 24.5 Mdal plasmid pLE2450 and strain KH45 isolated in Denmark in 1963 which carries the 24.5 Mdal plasmid pLE2451 . The degree of DNA-DNA duplex formation between these plasmids and whole-cell DNA from representative strains was analysed by the S1 endonuclease method ( Table 2 ). The data show that strains carrying a 24.5 Mdal plasmid have a substantial number of DNA sequences in common (70 to 1 0 0~o ) with the two reference plasmids. In contrast, F62, which carries only the 2.6 Mdal plasmid, has few or no sequences in common (0 to 3%) with either reference plasmid, indicating that the 24-5 Mdal plasmid shares no DNA sequences with the 2.6 Mdal plasmid. The five 24.5 Mdal plasmids were then digested with EcoRI followed by electrophoresis on agarose gels. The patterns were identical for each of the five plasmid species; three are illustrated in Fig. 1 . Digestion patterns with BamHI were also found to be similar. Sox et al. (1978) have examined three 24.5 Mdal plasmids and have reported similar findings. That theEcoRI restriction digest patterns are identical is not surprising because there are only a few restriction sites present. Generally, restriction pattern differences are more noticeable when there are numerous sites on the plasmid. To summarize, the 24.5 Mdal plasmid appears to be common only in certain geographic areas. The results of the hybridization and restriction enzyme studies suggest that the large plasmids found between 1940 and 1978 represent a group of closely related molecules. This work was supported by Public Health Service Grant AI100191-03 from the National Institute of Allergy and Infectious Diseases and by a grant from the Charles Merrill Trust. P. Piot was supported by a NATO fellowship.
